Motor capabilities are reduced in obese (OB) individuals, and this impairment may result also from quantitative variation of muscle mass due to alterations in body composition. OBJECTIVE: This study aims to evaluate the differences in body mass (BM) and composition, as well as in muscle strength (ST) and power output (Ẇ ) between OB and NW males and females, and to test the hypothesis that variations in body composition affect muscle performance in OB subjects. DESIGN AND METHODS: Body composition (determined by BIA with a two-compartment model), upper and lower limb maximum ST (evaluated with isotonic machines) and lower limb maximum anaerobic Ẇ (measured with a jumping test) were studied in a group of 95 extremely OB subjects (OB: 28 males, 67 females; mean age7s.d.: 29.377.0 y; BMI: 41.274.4 kg/m 2 ) and in a control group of 18 NW voluntary subjects (NW: eight males, 10 females; age: 30.375.3 y; BMI: 22.672.1 kg/m 2 ). RESULTS: OB male and female subjects differed significantly with increases in BM being attained by a similar contribution of fat mass (FM) and fat-free mass (FFM) in male subjects, but mainly contributed by FM in female subjects. Compared with NW, both OB men and women had a greater amount of FFM (Po0.001) and, since a general linear correlation was found between ST and FFM (ST (N) ¼ 64.4 FFM (kg)À190.0, R 2 ¼ 0.612, Po0.001), they developed higher values of ST (Po0.05) than their respective NW counterparts. For the same reason, both OB and NW male subjects had higher ST (Po0.001) than their female counterparts. Correction for FFM eliminated all gender-and obesity-related ST differences. On the contrary, in spite of their higher absolute muscle strength, both OB men and women could develop absolute Ẇ similar to that of NW subjects, and were notably less powerful per unit BM than NW subjects (Po0.001), women being most affected among the OB. CONCLUSIONS: Obesity-related variation in body composition differs considerably by gender, and is responsible for differences in muscle performance: the higher muscle strength observed in OB subjects (both men and women) and in male subjects (both OB and NW) is accounted for by a greater amount of FFM. Nonetheless, biomechanical limitations appear to impair muscle power development during jumping in OB individuals.
Introduction
The prevalence of obesity is growing worldwide and does not appear that this trend will change in the future, 1,2 together with the concomitant increase in inherent morbidity and mortality. 3, 4 Moreover, obesity is considered to be associated with impaired quality of life and disability in performing basic activities of daily living, mainly due to a general sense of fatigue and major decrements of functional motor status. 5 Several different factors were considered to contribute to these motor limitations, including chronic physical inactivity, concomitant diseases and chronic pain, as well as poor self-esteem. [6] [7] [8] However, it has been directly demonstrated that obese (OB) patients actually display major reductions of both aerobic and anaerobic capacity. 9, 10 While a decrease in aerobic power interferes with the capability to sustain relatively intense and prolonged exercise, anaerobic power is related to the accomplishment of short and rapid movements more directly involved in everyday life activities and in brisk postural adjustments to prevent falls and accidental fractures, being therefore directly related with the general quality of life. Moreover, it has been reported that global obesitydependent disability substantially differs by gender, 7, 11, 12 so that several investigations have been specifically focused on motor impairment and disability of OB women. 9, 13, 14 Recently, Lafortuna et al 15 reported a markedly genderdependent pattern of variation in body composition in OB individuals, which may be an important determinant of the different motor limitations observed between OB men and women. Nonetheless, in spite of the impact of these motor limitations on general health status and quality of life, its functional basis has been scarcely investigated so far, especially in relation with the specific capability of muscle strength and power generation by OB individuals. Therefore, the purpose of the present study is to investigate the effects of obesity-and gender-dependent variations of body mass (BM) and composition on the capability to generate muscle strength and power in OB and normalweight (NW) subjects, in order to test the hypothesis that variation in body composition is a major determinant of motor performance in OB subjects. ) was also studied for comparison. All the OB subjects were seeking medical help for their obesity and had been admitted as in-patients at the 3rd Division of Metabolic Diseases (Istituto Auxologico italiano, Piancavallo, Italy) for a subsequent BM reduction programme, while the NW subjects were members of the hospital staff. Inclusion criteria for the OB subjects were: (i) body mass index (BMI) Z35 kg/m 2 ; (ii) age Z18 and r45 y;
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(iii) no involvement in structured physical activity (ie regular activity more than 60 min/week) in the 8 months previous to the study; (iv) absence of overt uncompensated diabetes; (v) absence of signs or symptoms referable to any major cardiovascular, respiratory or orthopaedic disease contraindicating or significantly interfering with the performance of the motor tests employed in the study. The same criteria were adopted also for the NW subjects, but BMI had to be in the normal range, in accordance with WHO classification (18.5-24.9 kg/m 2 ). The physical characteristics of all subjects are shown in Table 1 . By the time of the measurements, carried out before the beginning of the BM reduction programme for the OB group, all the subjects were familiarised with the technique of execution of the tests. Permission for this study was obtained from the Ethics Committee of Istituto Auxologico Italiano and all subjects gave their written informed consent before the measurements.
Body composition measurements
Fat-free mass (FFM) was assessed by bioelectric impedance analysis (BIA), performed in the early morning after an overnight fast, according to a conventional standard technique. 16 Whole-body resistance to an applied current (50 kHz, 0.8 mA) was measured with a tetrapolar device (Human IM, Dietosystem, Italy) whose electrodes were placed on the right wrist and ankle of the supine subjects lying comfortably in bed with the limbs abducted from the body. Room temperature and humidity were maintained within the same narrow range during the measurements in all subjects (20-24 C1; 45-55%). FFM was calculated with equations derived either in adult OB subjects of both genders and different ages and BMI (fat specific formulae), or in NW men and women with a two-compartment model. 17 FM was derived as the difference between total BM and FFM. The coefficient of variation for FFM in OB and NW individuals of both genders, averaged 0.2970.22% s.d. (n ¼ 8) and 0.1170.08% (n ¼ 7), respectively, for three consecutive measurements performed in the same day with electrode and subject repositioning, and 0.7670.87 and 0.4770.39%, respectively, for measurements performed on three consecutive days. The total strength (ST), was obtained as the sum of S 1RM measured with the single machines, in each subject.
Muscle power measurements
Maximum anaerobic alactic power output of lower limbs (Ẇ ) was derived by the measurement of the flight (T f ) and contact (T c ) time of feet with ground obtained with a jump test consisting in a series of five consecutive jumps, according to the procedure devised by Bosco et al. 19 Briefly, the subjects performed a series of five consecutive jumps with maximal effort while keeping their hands on the hips and being careful to bend the knee to about 90-1001 during the phase of contact with the ground between the jumps. An operator controlled that the manoeuvre was appropriately performed and, in case of failure, the test was repeated after about 10 min of rest. The values of T f and T c relative to each jump of the series were measured with a digital timer (70.001 s) connected with an optical acquisition system (Optojump, Microgate, Italy). This consisted of two arrays of photocells mounted at a very short distance interval (0.02 m) on two bars (length 1 m) placed frontally on the ground at a distance of about 1 m. All values of T f and T c were acquired on a personal computer and displayed on-line while the subject performed the sequence of jumps. Under these experimental conditions, according to Bosco et al, 19 the average vertical force during the push phase of the contact time (Fpush) can be derived by the formula:
where g is the acceleration of gravity (9.81 m/s 2 ). The average mechanical power of the positive work phase of each jump, expressed per unit BM (Ẇ BM ), can be obtained using the following formula:
The absolute Ẇ was thence determined by multiplying Ẇ BM by the subject's BM. Average results were calculated on the series of the five jumps, for each subject. Previous evidence demonstrated that this technique is suitable to determine lower limb power output also in OB patients. 10 
Statistical methods
All values are given as means7s.d. The effects of gender and obesity on muscle strength and power output were evaluated by means of two-way analysis of variance (ANOVA). Crossed statistical significance of differences between OB and NW, and between genders, was assessed with a Student's t-test for unpaired data. Regression line equations were calculated with the least-square method and the differences between regression lines were tested using conventional regression equation comparison methods. 20 P values less than 0.05
were considered statistically significant. Table 1 reports the average body composition observed in the subjects of the study. A gender comparison performed with a Student's t-test for unpaired data revealed significant differences between men and women of the OB group, both in terms of absolute value of FFM and FM, and in their per cent contribution to BM. Similar results were also observed within the group of NW subjects, although the absolute amount of FM was not significantly different between males and females. Body composition of OB subjects was notably different from that of NW individuals, with the relative and absolute FM and absolute FFM of OB men and women significantly higher than that of their respective NW counterpart.
Results

Body composition
In OB subjects, body composition varied significantly as a function of BM in both genders, although a different contribution of FM and FFM was entailed in the rise of BM in men and women. In fact, Figure 1 shows that a unitary increase in BM was accounted for by an almost equal increase in FM and FFM in male subjects, while in female subjects an approximately three times higher contribution was given by FM compared to FFM to the increase in BM.
Accordingly, the ratio between FM and FFM in OB subjects varied as a function of BMI with a gender-related trend, as shown in Figure 2 , which presents the results also observed in NW individuals. Along with the rise in BMI, female subjects display a constant univocal increase in FM/FFM ratio, from the normal weight range up to the extreme obesity domain. Conversely, male subjects, who appear to follow the same trend as females in the range of NW, diverge from their counterpart, due to a larger contribution of FFM in masculine obesity. Thus, beside a significantly different mean FM/FFM ratio between OB men and women (0.6470.04 vs 1.0870.18, Po0.001), regression lines with significantly different slopes (Po0.001) interpolate data of the two genders in the relation between FM/FFM ratio and BMI shown in Figure 2 , for the OB subjects. Table 2 shows the mean values of S 1RM determined in antigravity, and not antigravity muscle groups of upper and Body composition, strength and power in obesity CL Lafortuna et al lower limbs, as well as the mean ST, obtained as the sum of S 1RM measured with the single machines in OB and NW subjects. As assessed with a two-way ANOVA, the factor gender had significant effects on both lower and upper limb muscles strength, while the factor obesity had a significant effect only on strength of lower limb muscles with a mainly antigravity action. Thus, both OB and NW males displayed significantly higher S 1RM when compared with their respective female counterpart, in both tested muscle groups (Po0.05-0.001). Conversely, OB (both men and women) developed significantly higher S 1RM than NW subjects with antigravity lower limb muscles (Po0.01), while no difference was observed in S 1RM of not-ntigravity upper limb muscles. Considering the absolute value of ST of the tested muscles, both gender and obesity had significant effects, so that OB men and women resulted to be stronger than their NW counterparts (Po0.05), with males of both groups being stronger than females (Po0.01-0.001). Nonetheless, when the values of ST were corrected for FFM, all differences disappeared. Table 3 shows the mean values of force and power (in absolute and relative terms) attained during the series of five jumps by OB and NW subjects. A two-way ANOVA revealed that the factors gender and obesity had a significant effect on F push and Ẇ BM , but only gender affected Ẇ . Thus, males of both groups attained significantly higher (Po0.01-0.001) values of F push , Ẇ and Ẇ BM than females; conversely, OB subjects, both men and women, in spite of their significantly higher F push (Po0.001), developed Ẇ comparable to that of NW subjects, but attained significantly lower (Po0.001) Ẇ BM , which is the hallmark of a poorer performance during the jump. The results of ANOVA also indicated that Ẇ correction for FFM did not suppress the differences observed, since Ẇ FFM was significantly affected by gender, while obesity induced an effect at the threshold of statistical significance. 
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Figure 2
The ratio between fat mass and fat-free mass (FM/FFM ratio) is plotted against the body mass index (BMI) in 95 obese (OB) and 18 normalweight (NW) subjects. Continuous lines represent the regression through the data of OB subjects (equations for males and females are also shown). Broken lines represent the best fit through the data of both OB and NW subjects of the same gender (equations not shown), consisting in a line for females and a second-order polynomial for male subjects.
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Discussion
The present investigation revealed considerable variation of body composition along with the rise in the degree of obesity, which, in turn, seems to induce several differences in strength generation and power output, either between OB men and women, and in comparison with NW subjects.
Gender-and obesity-related variations in body composition
An important finding of the present study is the markedly gender-dependent pattern of variation in body composition along with the increase in total BM, as assessed with a crosssectional approach. To our knowledge, few systematic data about body composition are available in obesity. In a crosssectional study on a cohort of 377 male and female OB subjects over a wide range of age, Lafortuna et al 15 per cent body fat with validated fatness specific prediction equations in extremely OB women differed by 1.1-1.5% from that obtained with the method using body density and labelled water dilution, taken as reference method. Body composition, strength and power in obesity CL Lafortuna et al Therefore, as previously hypothesised, 15 our observations further suggest that a different model of obesity can be devised in the two genders, OB males displaying a concomitant increase in FM and FFM in respect of NW individuals, females undergoing a prevalent increase in FM with a minimal increase in FFM. This entails that, with the increase in the level of obesity, the FM/FFM ratio changes differently in the two genders (Figure 2) , and that possibly different mechanisms are operative in men and women in the regulation of muscle volume in order to cope with the increased mass of the OB body. Although all subjects participating in this study were practising no structured physical activity in the 8 previous months, it cannot be excluded that there was an inherent gender difference in leisure-time or every-day unstructured physical activity between genders, since females are reported to extensively display a greater prevalence of physical inactivity and sedentariness, and a poorer physical fitness that correlate with their level of obesity. 24, 25 Thus, it might be argued that, in the OB group, the added inert mass of fat could have in males a more effective stimulating role (independent of the level of physical activity or not), enabling the build-up of additional muscle mass along with the increase in fat tissue. No systematical study in OB subjects is available to confirm this hypothesis, but, also in NW nonathlete individuals, it has been observed that even a prolonged strength training stimulus induces a significantly greater absolute increase in muscle volume in males than in females. 26 Beside a possible role of the higher levels of masculine testosterone, several gender-related differences in the regulation of growth hormone (a direct stimulant of muscle protein synthesis in healthy human adults, 27 ), as differences in body composition and fat distribution 28, 29 and in leptin plasma concentration, 30 ,31 may intervene in obesity to determine this different gender-dependent response of muscle mass. Actually, we did not directly determine the muscle mass of the subjects participating in the present study, but available evidence indicates that skeletal muscle contributes to a constant percent of lean mass of NW 32, 33 and moderately OB 34 individuals, so that FFM can be considered a gross indicator of body muscle mass.
Gender-and obesity-related variations in muscle strength production Our results show that in OB individuals the total volume of FFM is significantly higher than that of NW subjects, both males and females. This enables OB subjects to generate a Table 3 Mean values (7s.d.) of average vertical force during the push phase (F push ), and maximum anaerobic power output expressed in absolute terms (Ẇ ), per unit body mass (Ẇ BM ) and per unit fat-free mass (Ẇ FFM ), observed in the obese (OB) and normal-weight (NW) individuals of both genders during a series of five consecutive jumps Body composition, strength and power in obesity CL Lafortuna et al significantly higher maximum isotonic total strength, as also indicated by the unique correlation observed in OB and NW subjects between muscle strength and FFM volume ( Figure 3 ). This general relationship explains also the differences observed between males and females within each group, and substantiates that all observed variations in strength are largely due to differences in body composition. In fact, in agreement with previous observations on different groups of subjects, 35 correction of absolute muscle strength values for FFM eliminated gender-and obesity-related differences. (Table 2) . Interestingly, OB subjects had significantly stronger muscle groups mainly involved in movements against the force of gravity, suggesting a significant training effect of the added mass of fat, which would act as a chronic load. Indeed, it has been reported 36 that an extra-load, corresponding to about 10% of BM continuously imposed to athletes for 3 weeks and simulating a hypergravity condition, induced significant improvement in lower limb anaerobic muscle performance, mainly attributed to a neurogenic adaptation.
Gender-and obesity-related variations in leg power output In spite of the higher strength developed by OB subjects in both isotonic conditions and during the push phase of the jump, their gross power output is similar to that of NW subjects (Table 3) . This finding, which is in line with our previous observations, 10 suggests that the capability of power generation by the muscle apparatus of OB subjects is different from that of NW individuals (Figure 3 ), as also supported by the finding that the correction of power output for FFM did not completely suppress the gender-and obesityrelated differences (Table 3) . Indeed, in OB subjects, a greater load, as entailed by their higher BM, may possibly influence the intrinsic muscle performance. In fact, Figure 4 shows that BM/FFM ratio (which may be taken as an indicator of the burden of BM impinging on tissues, including the muscle machinery) actually influences the relative power output capacity per unit FFM in all subjects of both genders. So, the increase in mechanical burden loading the contracting muscle appears to reduce the relative power output per unit FFM, as well as the velocity of muscle shortening during the push of the jump. Indeed, assuming a knee flexion of about 901 at the beginning of the jump and a duration of the push phase corresponding to half of the contact time, it can be calculated that knee extends during the jump at the highest velocity in NW males (1.58 rad/s) and the extension movement velocity progressively decreases in NW females Body composition, strength and power in obesity CL Lafortuna et al under the biomechanical conditions of the jump, the optimal velocity of muscle shortening for the attainment of the maximum power output, along the force-velocity curve of the in vivo lower limb muscles, appears to occur in NW subjects. This trend is confirmed by the results of experiments of loaded jumping in NW individuals. In fact, Davies and Young 37 and Driss et al 38 reported that the addition of weights to the body during the jumping produces, in both children and sedentary adults, decreased power output proportional to the added load. Moreover, the burden of BM loading muscle apparatus seems to be not only the determinant of this intrinsic biomechanical disadvantage of muscle functioning in the condition of obesity, but it may also explain the trends in relative power output per unit BM (ie the direct correlate of actual external performance). In Figure 5 , Ẇ BM is plotted as a function of BM/FFM ratio in all the subjects and it appears that relative power exponentially decreases as the relative load of BM rises, OB females representing the most disabled category and NW males the most powerful one. This relation provides the quantitative evaluation of the derangement in anaerobic motor functions encountered by OB men and women. It should be noticed that women, who also in the range of NW suffer from a disadvantageous body composition due to an intrinsic higher BM/FFM ratio, are particularly exposed to motor functional limitations deriving from obesity. A similarly marked motor functional disability of OB women was also reported by Sartorio et al, 12 who
analysed the results of the Margaria stair climbing test in a very large population of OB subjects.
In conclusion, the present study revealed different genderspecific trends in the variation of body composition along with the degree of obesity, which appears to be an important determinant of the motor function, by interfering with the quantity and the functional biomechanical arrangement of the actuator element. Compared with NW subjects, OB subjects, in general, had a greater amount of FFM, which enabled them to attain proportionally higher values of isotonic strength and a greater average force during the push phase of the jump, but they were unable to produce a comparably increased anaerobic power output during the jumping manoeuvre, possibly also due to an unfavourable exploitation of the muscle force-velocity relationship for power generation. Under this regard, the motor performance in obesity was also notably compromised as a result of the large unbalance between the mass of the contractile element and inert fat mass, with women, in particular, being most affected within the OB population. Body composition, strength and power in obesity CL Lafortuna et al
